Abstract. Deformation and energy absorption characteristic of biomass foam composites are important in crashwortyness efficiency. The type of foam that had been used in this research is polyurethane (PU) foam with plant-based filler which are turmeric powder (Curcuma Longa), charcoal powder, henna powder ( Lawsonia inermis) and lemon grass powder (Cymbopogon) that give natural color to the composites. The percentages of filler was specified to 10% by weight. PU foam was prepared by reaction of natural oil polyol and isocyanate with a ratio of 1 to 1.1 by weight. The mixture was stirred with 1500 rpm and was poured into the mould when mixture starting to expand. Band saw was used to cut the sample with desired dimension. The characterization of filler was done using Fourier Transform Infrared Spectroscopy (FTIR). Compression was tested using Ultimate Testing Machine (UTM) and scale to weigh the sample. Composites with henna filler have ductile like behavior that proved in stress-strain curved that show the rough line in the graph. Other composites have rigid like behavior which have a smooth line in a stress -strain curve.
Introduction
Foam application had been widely use in energy absorption because of the performance of foam is much better than the solid polymers. Foams have ability to keep the peak force below the limit and preventing causing damage to a packaged object by absorbing the energy of impact [1] . Polyurethanes (PU) are essential polymers which have astonishing arrangement of commercial applications. PU foam from petroleum had caused the impact to the environment because it is toxic to almost all forms of life. Currently, new developments of using biomass material from fibrous plant material that can produce oil such as oil palm. Oil palm is one of the world's most economical oil crops to replace petroleum which is non renewable. Palm oil are renewable and biodegradable which can be use as alternative way for the production of palm oil based polyol for PU products [2] .
A mixture of polyol, isocyanate and filler can produce composites because the consisting of two or more chemically and physically different phases separated by a distinct interface [3] . Introducing of natural filler as a reinforcing phase in biocomposites gives positive environmental benefits to degradation process [4] . In this research, the filler that had been used are turmeric(T), charcoal(C), henna(H) and lemongrass(L). Turmeric are nature rhizome of Curcuma longa Linn and belong to the family of Zingiberaceae which had been widely used for food additives food flavor in southern Asia [5] . Henna is choose as comparative filler because of their different composition and have its own natural colour. Henna can be found in tropic area which extensively use as medicine, cosmetic and dyeing agent [6] .Charcoal is biomass that had been heat out of contact of air as the temperature heated above 225 °C. Fixed carbon content of the charcoal increases approximately in propotion to the increase in temperature [7] . Lemon grass is a widely used herb in tropical countries, especially in Southeast Asia, and also known as a source of ethnomedicines [8] .
Experimental

Material
The material that had been used in this research is polyol and isocyanate from palm oil based that purchased from Maskimi Polyol Sdn. Bhd. Polyol that had been used containing amine catalysts, water and surfactant, which will react with isocyanate to form polyurethane. Filler that had been used are henna, charcoal, turmeric and lemon grass. The formulation of PU foam composites is shown in Table 1 : 
Filler Preparation
The first step plant part was cut into small pieces. Plant part that had been cut was dried naturally under sunlight to remove the excessive water from cleaning process and removed water. The process continued by dry plant part in the oven at 60 ˚C for 1 day to remove excess water. The plant part was grinded using grinder and sieved with 63 micron siever. Meanwhile for charcoal, the
Synthesis of PU/ Foam Composite
Polyurethane/plant based foams were prepared by mixing filler with one monomer, which is polyol by a stirrer at 1500 rpm speed. Polyol and isocyanate ratio was 1 :1.1, while the percentages of plant based were stated for ten percent by weight. Excess isocyanate was used to assure the complete reaction of polyol. The mixture was pour into the mould with 16cmx10cmx16cm dimension. The composite that had been cured was cut with band saw with dimension 3cmx3cmx3cm for compression test. Formulation of polyurethane composites is given in Table 2 : The filler had been made by using 100 percent of natural source.
Testing Procedure
The crosshead speed was kept at 10 mm/min. The compression testing was done according to ASTM D 1621.Weight and dimension of samples had been weighed and measured using scale and vernier caliper. Energy absorption for 70% expansion can be calculated by using formula below : 
Result and Discussion
Fourier transform infrared spectroscopy is a powerful technique to determine functional group that exist in the composition. From fig.1 , functional group of turmeric (T), charcoal (C), henna (H) and lemon grass (L) are determined by analysing the obvious peak in the FTIR spectra. All compound show well defined hydroxyl band at range 3570-3200 cm -1 . Hydroxyl band is important in miscibility of filler and matrix since polyol and hydroxyl exhibit polar behaviour to ease the formation. Some feature shows the appearance of C=O at peak of 1800-1500 cm -1 represent the acetyl group in the hemicellulose [9] . Fig.1(a) which represent turmeric have strong peak of lignin that range from 1850-500 cm -1 [10] . Fig.1(c) and Fig.1(d) also shown the same significant peak which can be found in other natural filler. Charcoal (C) filler have low lignin content as can be seen in Fig.1 (b) because the heating process had removed oxygen and disturb lignin structure [7] . 2 shows the compressive stress-strain curves for polyurethane foam composites exerts the elastic-plastic foam behaviour under the compressive stress. PU with no filler shows the highest compression strength and have ductile behaviour. Compression strength of PU decrease when filler was added. Meanwhile, PUH shows brittle behaviour. Arrangement and amount of H in polyurethane foam had make the composites become crystalline thus contribute to brittle behaviour in stress-strain curve. According to Joshua Pelleg, the higher amount of constituent in compound can change the behaviour of material to brittle like behaviour [11] . 4000 Energy absorption is determined by calculating the area under the compression stress-strain graph.70%expansion is use as parameter before the foam exceeding densification which means the material already rupture. Fig.3 shows that the energy absorption of foam composites. Energy absorption of pure polyurethane at 70% expansion and densification are the highest which are 9.2973J and 15.5698J but decrease when the filler is added to polyurethane. PUH have the lowest energy absorption at 70% expansion and densification which are 5.1942J and 8.2939J since the composites have brittle like behaviour and tend to become crystalline. Between polyurethane that containing filler PUH shows 6.4923J and 10.889J in energy absorption at 70% expansion and densification that refer to the lowest density in all composites. 
Conclusion
Deformation and energy absorption of polyurethane composites is varied depending on type filler. Energy absorption of PUL showed the highest among polyurethane composites with 6.49J for 70% expansion and 10.89J at densification. Since the density is proportional to energy absorption, PUL also have high density with 0.03473 g/cm 3 . The filler arrangement is important to analysis the behaviour of deformation in stress-strain curve. Filler with pack arrangement or crystalline have brittle behaviour in stress-train curve resulting in low energy absorption and density. PUH have the lowest energy absorption which 6.4923J at 70% expansion and 10.889J at densification. Most of the filler containing hydroxyl group and lignin except charcoal that have low content of lignin due to combustion process in charcoal processing.
